Introduction: The underlying pathophysiology of venous thromboembolism (VTE) in upper limb surgery has been scarcely reported. This prompted us to investigate, using transoesophageal echocardiography (TEE) intraoperatively, the impact on haemodynamics in reverse shoulder arthroplasty (RSA) as compared with total hip arthroplasty (THA). Material and methods: The subjects comprised five shoulders undergoing RSA (RSA group) in our department. In all cases TEE was performed intraoperatively, with the haemodynamic state of the right atrium and superior vena cava monitored throughout the intraoperative period. As investigated items, blood D-dimer values were measured and compared intraoperatively, on postoperative day 1, day 4, week 1, and week 2. As a control group, five cases undergoing THA under the same conditions were compared with the RSA group. Results: Intraoperatively, in both RSA and THA groups, echogenic emboli were identified in the right atrium on TEE during bone reaming and artificial joint insertion. No significant differences were found between the two groups with respect to intraoperative or postoperative D-dimer changes. Also, in neither group was deep vein thrombosis (DVT) or pulmonary embolism (PE) detected either by lower limb venous ultrasonography or lung ventilation-perfusion scintigraphy. Conclusions: Fat emboli occur as frequently in upper limb surgery as in lower limb surgery, and the possibility of fat embolism syndrome as a postoperative complication needs to be kept in mind. Measurement of D-dimer values is useful in the early detection of DVT in upper limb surgery.
Introduction
Deep vein thrombosis (DVT) and pulmonary embolism (PE) have been widely reported as postoperative complications of lower limb joint replacement arthroplasty [1, 2] . In particular, PE may be lethal depending on the sites affected and other factors, making its prevention of vital importance. With regard to embolism, risk factors such as advanced age and obesity as well as the components of the thrombus itself like fat, bone marrow, and air have been analysed [3] [4] [5] , but much remains unclear about the mechanisms promoting venous thromboembolism (VTE) in the postoperative low-er limb joint replacement setting, and the primary inciting factor is still obscure. Of these, the underlying pathophysiology of fat embolism syndrome (FES) caused by the release of fat emboli is still unclear. FES is characterised by abrupt worsening of respiratory function with signs such as hypoxaemia, impaired consciousness, haemodynamic insufficiency, and, with fulminant, development of acute respiratory distress syndrome (ARDS), an extremely dangerous disorder in which shock can proceed to death. Although FES most commonly develops after trauma, it has also been reported as a postoperative complication after orthopaedic surgery [6] . When treatment is delayed it can be a highly lethal condition, and thus requires immediate attention [7, 8] .
In total hip arthroplasty (THA) and total knee arthroplasty (TKA), because the presence of echogenic emboli and snowstorm images identified intraoperatively by transoesophageal echocardiography (TEE) has been associated with the development of PE and DVT [9] [10] [11] [12] [13] , intraoperative TEE is being increasingly used to clarify the developmental mechanisms of postoperative VTE. In contrast, because the incidence of PE and DVT in upper limb surgery is low and these cases are considered to be low risk, early ambulation and active movement may suffice as prophylactic interventions. However, with total shoulder arthroplasty (TSA) and reverse shoulder arthroplasty (RSA), humeral head replacement (HHR), new-onset DVT, and PE have been reported as postoperative complications [14] [15] [16] . Becuase VTE has also been reported in upper limb surgery, despite being generally considered to be of low risk, we undertook the present investigation using TEE to determine the presence of intraoperative echogenic emboli and snowstorm images known to be risk factors. We compared the intraoperative findings in the right atrium between RSA and THA. Moreover, to screen for DVT we measured D-dimer values and compared any changes in this parameter in the perioperative period between RSA and THA.
Material and methods
The subjects comprised five shoulders undergoing RSA (RSA group) at our institution. There were two men and three women, none of whom had experienced any cardiovascular events preoperatively. Their mean age was 78.4 years in the RSA group. TEE was performed in the supine position. Monitoring was continued from the start of surgery until its completion. The TEE monitoring was done using ME Bicaval, with the right atrium evaluated. In all cases elastic stockings were worn intraoperatively and postoperatively, a foot pump was attached, and edoxaban (DAIICHI SANKYO COMPANY, Tokyo) was administered for 14 days after removal of the drains. In addition, within 2 weeks postoperatively, lower limb venous ultrasonography and lung ventilation-perfusion scintigraphy were performed in all cases. As investigated items, the findings on intraoperative TEE images, mean surgery time, mean intraoperative blood loss, and blood D-dimer values measured intraoperatively, and at postoperative day 1, day 4, 1 week, and 2 weeks were determined. The five hips subjected to THA (THA group) were investigated with the same items and received the same after-treatment, and then compared with RSA group. RSA and THA groups were treated by the same orthopaedic surgeons, and all cases in both groups had TEE performed intraoperatively. In the THA group TEE was performed in the lateral position. All subjects gave their informed consent for inclusion before they participated in the study.
Statistical analysis
The D-dimer values are presented as mean ± SE. Significant differences in the D-dimer values intraoperatively, postoperatively, mean operation time, and mean intraoperative blood loss between groups, were assessed using one-way analysis of variance followed by Fisher's protected least significant difference post hoc test. Significance was defined as p < 0.05.
Results
Echogenic emboli and snowstorm images were noted on TEE to a similar extent at the time of bone reaming and artificial joint insertion in the right atrium during the intraoperative period in both RSA and THA groups (Figure 1 ). Especially noteworthy was the finding in both groups of markedly echogenic emboli at the time of stem insertion. The mean surgery time was 78.8 min in RSA group and 64.2 min in the THA group. The mean intraoperative blood loss was 148 ml in the RSA group and 182 ml in the THA group. D-dimer values in the RSA group were: intraoperative 1.0 ±0.2 µg/ ml, postoperative day 1 6.0 ±0.8 µg/ml, postoperative day 4 3.5 ±0.5 µg/ml, postoperative week 1 5.4 ±0.5 µg/ml, and postoperative week 2 5.9 ±0.3 µg/ml. In the THA group they were intraoperative 0.6 ±0.3 µg/ml, postoperative day 1 4.0 ±1.3 µg/ ml, postoperative day 4 3.4 ±0.9 µg/ml, postoperative week 1 6.6 ±0.7 µg/ml, and postoperative week 2 5.3 ±1.4 µg/ml, with no significant differences found between the two groups (Table I) . Also, in neither group was DVT or PE detected by either lower limb venous ultrasonography or lung ventilation-perfusion scintigraphy.
Discussion
It has long been suggested that the echogenic emboli seen on TEE are related to postoperative PE and DVT [5, 6, 9] . These emboli arise from the fat and bone marrow released at the time of bone reaming and artificial joint insertion, which cause endothelial damage around the venous system, resulting in the formation of secondary emboli that become the cause of PE [7, 13] . In contrast, Moriyama et al. reported that intraoperative TEE cannot predict the generation of PE on the first postoperative day [13] . In the present study the echogenic emboli detected on intraoperative TEE were seen in both RSA and THA groups at the time of reaming and artificial joint insertion. Lu et al. demonstrated that in TKA the echogenic emboli observed on intraoperative TEE are taken up transvenously and consist of lipid droplets and bone marrow tissue [12] . Namely, they are thought to consist of lipid droplets and bone marrow tissue generated at the time of bone reaming and artificial joint insertion. FES is characterised by tissue capillary vessel injury caused by the release of lipid droplets from the bone marrow, which in turn induce inflammation and a thrombotic tendency. Intramedullary fat is broken down by tissue lipase into high concentrations of glycerol and toxic free fatty acids that directly cause tissue injury. In the lungs, lung cells and lung epithelial cells sustain damage, which in turn induces vasogenic or cytotoxic edema and haemorrhage. Injured lung epithelium activates a cascade of inflammatory cytokines that may culminate in ARDS [8] . Because of differences in the underlying pathogenetic mechanisms, it can be understood that FES resulting from fat emboli is not the same as PE, in which emboli directly clog the pulmonary vasculature secondary to DVT. PE can be caused by various embolic particles. Postoperative PE occurs secondarily to DVT in the majority of cases, whereas the causes of PE due to fat emboli have yet to be reported clearly. Accordingly, we consider that the occurrence of postoperative PE cannot be predicted from the TEE findings. Namely, there is a strong possibility that among PE reported as a complication of joint arthroplasty FES is also included. In this study, the intraoperative TEE imaging findings documented right atrium echogenic emboli and snowstorm images in the RSA group to a similar in degree to those in the THA group. Based on the above, it is important that when findings of hypoxaemia and PE of unknown origin are noted after joint arthroplasty the possible involvement of FES is considered. Namely, in upper limb surgery the possible occurrence of postoperative FES must be kept in mind. Because no prophylactic strategies have yet been established for FES, when signs of hypoxaemia are evident not only in upper limb surgery but also after joint arthroplasty, adequate postoperative management that takes into account the possibility of FES should be implemented. In upper limb surgery the incidence of PE and DVT is considered low, but the possible postoperative complication of FES should be remembered. The occurrence of DVT in upper limb surgery has also been described [15, 16] . In the present study, a prophylactic regimen similar to that used for lower limb joint arthroplasty was adopted postoperatively, with DVT not occurring in either group. However, postoperative D-dimer values did not differ significantly between the groups. With respect to postoperative D-dimer values, since RSA showed similarly elevated values to those of THA, like in THA, the possibility of postoperative thrombus development cannot be excluded. On the other hand, since D-dimer is a cross-linked fibrin appearing when fibrin is broken down by plasmin, it is increased in secondary hyperfibrinolysis. For this reason, it may also be increased in conditions inducing signs of secondary hyperfibrinolysis (malignant tumours, inflammatory disorders, infection), in which it is susceptible to the influence of postoperative haematoma and other factors. In this way, elevated values may also be seen in conditions other than DVT, representing false negatives. Accordingly, even though measurement of D-dimer values is useful for screening purposes, any changes noted in them are of greater significance than the values themselves. When postoperative D-dimer values show a rapid increase, the possibility of DVT must be considered. In this study, postoperative D-dimer values showed similar changes in RSA and THA. Since a certain risk of DVT and PE in THA is well recognised and DVT has also been documented in occasional cases undergoing upper limb surgery, we concluded that postoperative changes in D-dimer values should be assessed in RSA like in THA to screen for new-onset DVT.
In conclusion, in the RSA group, echogenic emboli and snowstorm images were detected by TEE to the same extent as in THA. In upper limb surgery the possibility of FES as a postoperative complication should also be remembered. Moreover, because D-dimer values in RSA showed similar changes to those in THA, in upper limb surgery measurements of D-dimer are thought to be useful also in the early detection of postoperative DVT. We suggest that further larger studies be conducted to confirm and support the findings.
